Background: The current study sought to explore the potential clinical, epidemiological and genetic differences between early-onset gastric cancer (E-gastric cancer: defined as 20-39 years) and traditionalonset gastric cancer (T-gastric cancer: defined as ≥40 years).
Introduction
In spite of the important advances in gastric cancer diagnosis and treatment in the past decades, it remains an important global cause of mortality and morbidity (1) . It still ranks as the 5 th most common malignancy in the world; and according to GLOBOCAN, about 1 million new cases of gastric cancer were diagnosed in 2012 (2) . Moreover, it the 3 rd largest cause of cancer mortality with the highest mortality rates reported in eastern Asian countries (3) .
Gastric adenocarcinoma cases were stratified based on multiple factors including location (cardia vs. noncardia), histology as well as biology (4, 5) . Despite the
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Exploring the differences between early-onset gastric cancer and traditional-onset gastric cancer increasing recognition that gastric cancer arising in the young has peculiar characteristics, the clinicopathological, epidemiological and genetic characteristics of early-onset gastric cancer (E-gastric cancer) were not thoroughly evaluated before (6) .
The Surveillance, Epidemiology and End Results (SEER) database was explored to evaluate the pathological and clinical characteristics of E-gastric cancer (defined in this study as patients with age at diagnosis from 20-39 years) and traditional-onset (defined in this study as patients with age at diagnosis ≥40 years) gastric cancer (T-gastric cancer). The cutoff of 40 years was used because previous reports used this cutoff (6, 7) . Subsequently, the rates of age-adjusted gastric cancer were compared with the rates of some of the potential risk factors for gastric cancer available from the Behavioral Risk Factor Surveillance Survey (BRFSS). In line with the above analyses, the molecular structures of E-gastric cancer and T-gastric cancer were evaluated through The Cancer Genome Atlas (TCGA) to further clarify the potential differences between these two entities.
Methods

SEER data analysis
The most recent submission of the SEER database contains data from 18 registries (8) ; this submission was accessed through SEER*stat V. 8.3.4. Through "case listing session" in SEER*stat, baseline clinicopathological characteristics of all gastric cancer cases diagnosed 2000-2014 were reviewed. Cases were classified into two cohorts: earlyonset disease (20-39 years) and traditional-onset disease (≥40 years). Through Chi-square testing, baseline characteristics were compared between the two cohorts. The following information was collected for each patient: ethnicity, subsite (cardia versus non-cardia), SEER summary stage (localized, regional, distant or unknown), histology, grade, and gender. All statistical analyses were conducted through SPSS v. 20 (IBM, NY, USA); P values <0.05 represented statistical significance.
Through the "rate session" in SEER*stat, age-adjusted incidence rates per 100,000 were calculated. These were stratified by the two disease categories (E-gastric cancer versus T-gastric cancer). Annual percent change (APC) was then calculated for each disease category and it was stratified by ethnic group, stage at presentation and by the location of the tumor.
BRFSS analysis
BRFSS is an annual cross-sectional population-based survey (incorporating approximately 500,000 individuals each year). Full details of this survey were previously described and validated (9) . Through accessing BRFSS dataset, rates of potential gastric cancer risk factors (e.g., smoking, obesity or heavy alcohol consumption) were determined for each state in 2014. Assessment of the 2014 rates of E-gastric cancer and T-gastric cancer were conducted in parallel for the available state SEER registries. After confirmation of normality through Shapiro-Wilk test, Pearson correlation was conducted between risk factor rates and gastric cancer rates.
TCGA analysis
The most recent provisional TCGA gastric adenocarcinoma dataset was accessed through Genomics Data Commons (GDC) portal and cBioPortal (10) . This was done in order to study potential genetic differences between E-gastric cancer and T-gastric cancer. Both portals provide an easy access to the TCGA data with the possibility to produce visualization, analysis and possibly download of TCGA data in addition to other large-scale multidimensional genomic datasets (11) . It allows exploration of clinical data, mutated genes as well as copy number alterations (CNAs).
Results
Clinicopathological characteristics
A total of 95,323 gastric cancer patients older than 20 years diagnosed 2000-2014 were found eligible and were included in the analysis. Of this cohort, 3,247 patients (3.4%) have E-gastric cancer; while 92,076 patients (96.6%) have T-gastric cancer. Comparing E-gastric cancer to T-gastric cancer, E-gastric cancer is less likely to occur in whites (68.9% vs. 71.4%; P<0.0001), less likely to occur in males (51.1% vs. 61.0%; P<0.0001), more likely to be poorly differentiated (55.3% vs. 48.0%; P<0.0001); and more likely to have distant metastases (48.3% vs. 32.5%; P<0.0001). More aggressive histologies (e.g., diffuse histology or linitis plastica) and more probability for lymph nodal metastases are also more common in E-gastric cancer compared to T-gastric cancer (P<0.0001 for both) ( Table 1) . 
Trend analysis
Across the period from 2000 to 2014, E-gastric cancer increased with an APC of 1.0 (non-significant P value).
On the other hand, T-gastric cancer decreased in the same period at an APC of −1.4 (P<0.05). When stratifying the incidence trends of E-gastric cancer by SEER stages, localized and distant categories were increasing (at an APC of 3.2 and 1.5; non-significant P values); on the other hand, the regional category was declining at an APC of −1.0 (non-significant P value). Likewise, the incidence rates for T-gastric cancer stratified by the different stages were declining at APCs of −0.2 (localized), −3.3 (regional) and −0.3 (distant) (significant P value only for the regional stage) ( Figure 1A) .
When stratifying the incidence trends of E-gastric cancer by ethnicity, white race, black race and other races were declining at APCs of −0.7, −1.2 and −1.2 respectively (nonsignificant P value for the three categories). Likewise, the incidence rates for T-gastric cancer stratified by the different stages were declining at APCs of −1.2, −2.0 and −3.1 (P<0.05 for the three categories) ( Figure 1B) .
When stratifying the incidence trends of E-gastric cancer by location, both cardia and non-cardia locations were increasing at APCs of 1.3 and 0.9 respectively (nonsignificant P value for the two categories). Likewise, the incidence rates for T-gastric cancer stratified by the location was increasing for cardia location at an APC of 0.3 (nonsignificant P value) and declining at non-cardia location at an APC of −2.0 (P<0.05) ( Figure 1C) .
BRFSS analysis
In order to elaborate further on the potential differences between E-gastric cancer and T-gastric cancer, an assessment of the correlation between some recognized risk factors (obesity, heavy drinking, and smoking) for gastric cancer and incidence of E-gastric cancer and T-gastric cancer were conducted. As illustrated in Table 2 , there was a strong positive correlation for both E-gastric cancer and T-gastric cancer with heavy drinking (P=0.027 and 0.008 respectively). On the other hand, there was no correlation Surgery to the primary 0.774 between obesity or smoking and either E-gastric cancer or T-gastric cancer.
TCGA analysis
The clinical, pathological and trend differences between E-gastric cancer and T-gastric cancer suggested possible differences in genetic composition between the two disease entities. TCGA provisional dataset was explored through cBioPortal and GDC portal. There were 443 gastric adenocarcinoma cases included in this dataset. However, only four cases were ≤40 years old. Because of the small number in the E-gastric cancer cohort, it is not feasible to conduct statistical analyses about differences in the pattern 
Discussion
The current study explored the potential peculiarities associated with gastric cancer developing at an early age compared with that developing at a later age. It showed that E-gastric cancer has different clinicopathological characteristics and trend patterns compared to T-gastric cancer. Moreover, genetic makeup seems to be different between both categories (although this cannot be proven statistically because of sample size considerations). On the other hand, and within the limitations of the current data and methodology, there was no evidence of a difference in the correlation with some established risk factors between both categories.
The current analysis suggested that E-gastric cancer is associated with unfavorable baseline clinicopathological features (more advanced stage and more aggressive histology compared to T-gastric cancer). This is consistent with previously published data about gastric cancer in the young and very young (12) . Possible reasons for this difference might include different biology as well as a tendency to delayed diagnosis of gastric cancer in the young (because practitioners usually have a lower index of suspicion for gastric cancer diagnosis among younger patients compared to older patients) (13) .
Likewise, trend analysis from the current study indicated that in spite of declining incidence trends among T-gastric cancer, overall incidence trends for E-gastric cancer were almost stable in the past 15 years. This might be explained by a yet unnoticed change in risk factor epidemiology (e.g., food patterns, or patterns of smoking) across the past 15 years which affected more the incidence of T-gastric cancer compare to E-gastric cancer.
Previous studies suggested that gastric cancer in the young and very young are associated more with hereditary tumor susceptibility syndromes (14, 15) . Data from current TCGA analysis showed that both E-gastric cancer and T-gastric cancer harbor a considerable amount of genetic mutations as well as CNAs. This might indicate that gastric cancer arising in the young and very young might not be entirely explained out of hereditary etiologies.
Taken together, clinical, pathological and epidemiological analyses, as well as less association with white race, suggested that E-gastric cancer might be a phenotypically distinct entity from T-gastric cancer.
The limitations of this study are similar to those encountered with other studies based on administrative data. These include variations in disease coding and disease severity. However, the reporting of patient age is not expected to be affected by these variations. The limited number of E-gastric cancer in TCGA analysis also prevented proper statistical correlations. Moreover, the correlation between risk factors reported in BRFSS for each state and the respective incidence rates reported in SEER database for this state might be too crude to detect smaller differences. The absence of information about family history and hereditary cancer susceptibility is an additional limitation in the current study. Further epidemiological and genetic studies focused on the potential differences between these two entities are needed. Likewise, further clinical studies are needed to explore the clinical consequences of dissecting E-gastric cancer as a distinct entity from the conventional T-gastric cancer.
In conclusion, E-gastric cancer is a potentially distinct disease entity with specific clinicopathological and trend patterns compared to conventional T-gastric cancer. The mechanisms underlying the differences between both disease entities are largely unknown. Further studies are needed to explore the potential etiologic basis as well as to investigate the clinical consequences of this distinction. The impact of this distinction on minority populations requires further assessment as well.
